The loss of quality or quantity of raw foods caused by spoilage bacteria is a major problem, especially in developing countries. Evaluation of the frequency and level of bacterial contamination and/or identification of the contaminating bacteria are keys to solving this problem. The objective of this study was to evaluate the prevalence and types of contaminating bacteria in retail foodstuffs in Thailand. Foods in four categories (137 samples total) including meat (51 samples), vegetables (38 samples), fish or seafood (37 samples) and fermented food (11 samples) were purchased randomly from seven different open markets and seven supermarkets in Thailand from August 2010 to March 2011. Indicator bacteria of fecal contamination or other naturally contaminating bacteria were isolated and identified. More than 90% of each category of collected retail meat, vegetables and fish or seafood was contaminated with coliform bacteria. The contamination rate of fecal coliform bacteria, Staphylococcus spp. and lactic acid bacteria was higher in vegetables from open markets than those from supermarkets, and the contamination rate of Staphylococcus spp. was likewise higher in fish or seafood samples purchased from open markets than those from supermarkets. Improvement in hygienic practices throughout the food distribution may reduce the risk of food poisoning and spoilage of foods purchased in Thai markets.
Introduction
Spoilage can be defined as any change in a food product that makes it unacceptable to the consumer from a sensory point of view. It is mainly ascribable to the undesired growth of microorganisms to unacceptable levels. For example, in the case of raw meat or fish, microbial spoilage leads to the development of off-odors and often slime formation, which make the product undesirable for human consumption, consequently leading to the loss of foodstuff.
Finding ways to prevent food spoilage is important to assure a sufficient and stable supply of food, especially in developing countries. Production and processing of high quality foods for export are now making an important contribution to the economy in developing countries. For example, the Thai government has established a policy to develop Thailand as the "Kitchen of the World". However, various types of spoilage and pathogenic bacteria have been found in Thai foods (Indrawattana et al., 2011; Keeratipibul et al., 2010; Minami et al., 2010; Padungtod et al., 2006; Suthienkul et al., 1990; Vindigni et al., 2007; Vuddhakul et al., 2000) .
There are two types of retail markets, supermarkets and open markets, in many South-East Asian countries including Thailand. Supermarkets are indoors, often air conditioned, typically offering controlled-temperature environments and have displays of prepackaged products under refrigeration.
In contrast, open markets are traditional open-air markets where foodstuffs are sold by individual vendors or farmers and are usually displayed unwrapped at ambient temperature; each vendor tends to sell similar types of food (such as Mossel-Bouillon enrichment medium (Merck, Darmstadt, Germany) and incubated at 35℃ for 20 h. Ten milliliters of culture was mixed with the same volume of 2x EC medium (Nissui Co., Ltd., Tokyo, Japan) and incubated at 35℃ for 20 h. To confirm the presence of fecal coliform, one loopful of the culture was inoculated into 1x EC medium in a Durham fermentation tube and incubated at 42℃ for 20 h. Gas production in the tube indicates the presence of fecal coliform.
To isolate E. coli, a loopful of gas produced in the 1x EC culture broth was streaked on an EMB agar plate (Nissui Co., Ltd., Tokyo, Japan) and the typical colonies that developed were subjected to biochemical characterization using an API 20E kit (BioMérieux, Marcy l'Etoile, France). The same preenrichment cultures were used for isolation and characterization of coliform bacteria on MacConkey sorbital agar (Nissui Co., Ltd., Tokyo, Japan) and isolated strains were subjected to further characterization using the API 20E kit.
Bacillus spp., Staphylococcus spp. and Pseudomonas spp. A 25-g sample was homogenized in 225 mL of buffered peptone water (Merck, Darmstadt, Germany) and incubated at 30℃ for 20 h. This pre-enrichment cultures were streaked on NGKG agar (Nissui Co., Ltd., Tokyo, Japan) with 20% egg yolk, mannitol salt agar (Nissui Co., Ltd., Tokyo, Japan) with 20% egg yolk and NAC agar (Nissui Co., Ltd., Tokyo, Japan) to isolate Bacillus spp., Staphylococcus spp. and Pseudomonas spp., respectively. Typical colonies were isolated after incubation at 30℃ for 20 h. Purified suspected strains of Bacillus spp. and Staphylococcus spp. were subjected to microscopic examination and biochemical characterization by using the suitable diagnostic kits (API 50CH with API CHB and API Staph (BioMérieux, Marcy l'Etoile, France)) for the identification of Bacillus spp. and Staphylococcus spp., respectively). A 16S ribosomal DNA sequencing method was also used to confirm the identity of these bacteria. Typical colonies of Pseudomonas spp. were streaked on King A and King B agar (Eiken Co., Ltd., Tokyo, Japan) to confirm fluorescence pigment production under ultraviolet light.
Enterococcus spp. A 25-g sample was homogenized in 225 mL of buffered peptone water (Merck, Darmstadt, Germany) and incubated at 30℃ for 20 h. Ten milliliters of this pre-enrichment culture was mixed with the same volume of 2x AC medium (Nissui Co., Ltd., Tokyo, Japan) and incubated at 35℃ for 20 h. After incubation, one loopful of culture was inoculated into 1x AC medium and incubated at 42℃ for 20 h, and then a loopful of this culture was streaked on EF agar (Nissui Co., Ltd., Tokyo, Japan.). Vancomycinresistant Enterococcus faecium (VR-EF) antibiotic agar plates (Nissui Co., Ltd., Tokyo, Japan) were also used for the isolation of vancomycin-resistant enterococci (VRE). Devel-vegetables, raw meats, fishes). The open markets are thought to have multiple sources of potential contamination (rodents, insects, sewage and water). The contamination and growth of bacteria may be controlled comparably well in open markets; however, the risk of contamination from humans or other routes remain. Investigation of food hygiene conditions based on scientific evidence is required, especially in these markets, to improve the safety and suitability of retail foods sold in developing countries.
Investigation on the prevalence and types of contaminating bacteria, including indicator bacteria of fecal contamination, in food may provide important information for tracing the routes of bacterial contamination and for designing suitable food hygiene measures. However, limited data on the types of food spoilage microorganisms is currently available (Borch et al., 1996; Gram and Huss, 1996; Tournas, 2005) and there is no data on the prevalence and types of foodspoilage microorganisms found in foodstuffs sold in Thai markets. Thus, in this study, we evaluated the contamination rates of (potent) indicator bacteria of food hygiene condition (coliform bacteria, fecal coliform, Escherichia coli and Enterococcus spp.) in four categories of retail foods (meat, vegetables, fish or seafood, and fermented food) sold in Thai markets. In addition, we identified and compared contaminating bacteria including (potent) spoilage bacteria such as Pseudomonas spp. and lactic acid bacteria (LAB).
Materials and Methods
Collection of Thai food samples The raw food samples (137 total) comprised four categories of food: (1) Meat samples (n = 51), including 23 pork samples, 17 chicken samples and 11 beef samples. The majority of pigs were raised in an open or closed farm system that provides pigs to slaughterhouses. Chickens raised for local consumption were processed in traditional slaughterhouses operated by meat vendors and the evisceration of chickens was usually done at the market. The production of beef was similar to that of pork.
(2) Green leafy vegetable samples (n = 38) from independent farms and company farms that cultivate vegetables using organic and/or inorganic fertilizer. (3) Fish or seafood samples (n = 37), including sea and river fish. (4) Fermented meat (n = 11), including fermented ground pork with pork skins and fermented freshwater fish from lakes. These samples were purchased randomly from seven geographically different open markets and seven supermarkets in the Bangkok and Pathum Thani areas from August 2010 to March 2011. All samples were transported to a laboratory at Rajamangala University of Technology, Thanyaburi, in an insulated box with ice to maintain the temperature at 4 to 6℃.
Coliform bacteria Each sample was homogenized in Statistical analysis One-way analysis of variance (ANO-VA) was used to evaluate differences in the number of positive samples per food group. Differences between the two types of markets were evaluated using the Student's t-test. Significant differences in contamination rates among the four categories of food were detected by the chi-square test. Microsoft EXCEL 2007 (Microsoft Co. Ltd., USA) was used for data analysis.
Results
The contamination rates of several Gram-negative and Gram-positive bacteria isolated from the 137 food samples are summarized in Table 1 . A significant difference (P < 0.05) was found between the contamination rates of Pseudomonas spp., Bacillus spp. and Staphylococus spp. among the four categories of food (Table 1 ).
Most of the tested samples, except for fermented meat and fish, were contaminated with coliform bacteria. Higher percentages of fecal coliform bacteria were also found in meat (100%), fish or seafood (100%) and vegetable (92%) samples. In contrast, a lower percentage of E. coli was found in vegetables (34%) compared to meat (71%) and fish or seafood (70%) samples. The highest prevalence of Pseudomonas spp. was found in vegetables (76%), while the lowest prevalence was found in fermented food samples (9%). The contamination rate of Gram-positive bacteria in the 137 oped typical colonies on the EF agar plates were identified by microscopic examination and biochemical tests by using an API Strep diagnostic kit (BioMérieux, Marcy l'Etoile, France) after purification. The spectrums of microbial susceptibility were measured using the disk diffusion method with commercially purchased kits (Nissui Pharmaceutical Co., Ltd. Tokyo, Japan) and Mueller-Hinton Agar (Nissui Co., Ltd., Tokyo, Japan). The antimicrobial susceptibility of VRE isolates was judged by the diameter of the zone of inhibition from the antimicrobial disk. Antibiotics used in this experiment included ampicillin (ABPC), tazobactam/piperacillin (TAZ/PIPC), cefazolin (CEZ), cefuroxime sodium (CXM), streptomycin (SM), kanamycin (KM), gentamicin (GM), erythromycin (EM), lincomycin (LCM), tetracycline (TC), chloramphenicol (CP), fosfomycin (FOM), novobiocin (NB), cefaclor (CCL), imipenem (IPM), vancomycin (VCM) and teicoplanin (TEIC).
Lactic acid bacteria Each 25-g sample was homogenized in 225 mL of de Man, Rogosa and Sharpe (MRS) broth (Difco, USA) and incubated at 30℃ for 20 h under anaerobic conditions. A loopful of culture was streaked on MRS agar and incubated at 30℃ for 20 to 40 h under anaerobic conditions. Typical catalase-negative colonies were purified and subjected to microscopic examinations and biochemical tests by using API 50CH kit with API CHL (BioMérieux, Marcy l'Etoile, France). 
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The superscript * indicates a statistically significant difference (P < 0.05) in the contamination rate among the four categories of food.
example, Staphylococcus spp. were present at a higher frequency in vegetables and fish or seafood obtained from open markets (67% and 41%, respectively) than in those from supermarkets (25% and 5%, respectively). The prevalence of LAB was significantly higher in vegetables from open markets (100%) than in those from supermarkets (70%). The identification of isolated bacteria from samples of each food category is shown in In this study, 115 Enterococcus spp. were identified; among these, 8 Enterococcus strains were able to grow on VR-EF antibiotic agar plates and were identified as E.
collected samples was 20% with Bacillus spp., 39% with Staphylococcus spp., 73% with Enterococcus spp., and 76% with LAB. A higher contamination rate of Bacillus spp. was found in fermented food (82%) compared to meat and fish or seafood (2% and 5%, respectively). The highest prevalence of Staphylococcus spp. was found in meat samples (57%), while the lowest prevalence was found in fermented food samples (9%). The presence of enterococcal species, which is an indication of fecal contamination, was detected in 73% of 137 samples, including 78% of meat, 76% of vegetable, 60% of fish or seafood and 82% of fermented pork or fish samples. The contamination rate of LAB was 69% for meat, 79% for vegetables, 81% for fish or seafood and 82% for fermented food samples (Table 1) .
The rate of bacterial contamination in the food samples obtained from open markets and supermarkets was compared (Table 2) . Statistically significant (P < 0.05) differences were found in the contamination rates of Staphylococcus spp. in fish or seafood and vegetables. In each case, the contamination rate was 36 to 42 percentage points higher in the samples from open markets than in those from supermarkets. For c. anancHaIPattana et al. Fisher's direct P-value shows the probability of a statistically significant difference in the detected rates (P < 0.05). The superscript * represents a statistically significant difference in the detection rate between two markets. and fish, were contaminated with coliform bacteria and fecal coliform ( Table 1) . The main reason for this might be environmental contamination such as washing water, temperature and humidity. However, the reaction process of fermentation could reduce contamination by coliform and fecal coliform bacteria in fermented meat and fish samples. E. coli is a common indicator of sanitation and microbial safety of food products. The presence of this bacterial species indicates a high likelihood of the presence of other pathogenic strains including the human pathogen E. coli 0157:H7 (Keeratipibul et al., 2010) . A previous report showed that no E. coli were detected in Thai frozen cooked chicken samples (Keeratipibul et al., 2010) ; in contrast, in this study, we found no statistically significant difference (P < 0.05) in the prevalence of E. coli between the four categories of food samples, with a prevalence of about 58% in all food samples (Table 1) . Thus, hygienic handling practices and control of storage temperatures are necessary to reduce E. coli contamination in Thai markets.
The contamination rate of several kinds of bacteria (fecal coliform, Staphylococcus spp. and LAB) was higher in fish or seafood and vegetable samples from open markets than in those from supermarkets ( Table 2 ). The reason for this difference may be due to the food hygiene condition or temperature control maintained in supermarkets, and open markets are more susceptible to cross-contamination than supermarkets due to constant exposure to environmental factors such as dust, rodents and insects, as well as the use of faecium. Antibiotic susceptibility profiles were determined for these resistant strains using 17 commercially available antibiotic disks. Of the 8 resistant E. faecium strains, strain 110826-1 was resistant to 11 antibiotics, strain 110825-4 was resistant to eight antibiotics and 5 strains were resistant to at least five antibiotics (Table 4 ).
Discussion
In this study, Bacillus cereus was the most prevalent in fermented meat and fish samples; contamination may have originated from cooked rice (Gilbert et al., 1974; Sarrias et al., 2002) , which is the main ingredient of traditional fermented pork and fish in Thailand. However, the lower prevalence of Pseudomonas spp. (9%) and Staphylococcus spp. (9%) in fermented meat and fish samples might be due to the lactic acid produced during fermentation by LAB (82%) ( Table 1) , which hinders the growth of Staphylococcus spp. (Petchsing and Woodburn, 1990; Bavber and Deibel, 1972; Lee et al., 1977; Smith and Palumbo, 1978) . On the other hand, bacteriocin-producing Lactobacillus, such as L. fermentum, L. lactis and L. plantarum that were identified from these fermented food samples (Table 3) , have the potential to inhibit spoilage bacteria such as Pseudomonas spp. and pathogens such as S. aureus, Salmonella spp. and Listeria monocytogenes (Ogunshe et al., 2007; Reinheimer et al., 1988; El-Gazzar and Marth, 1992; Vignolo et al., 1993; Chiang et al., 2000) .
Most of the tested samples, except for fermented meat c. anancHaIPattana et al. 
Abbreviations of the antibiotics are listed in the "Materials and Methods". "R" represents resistance to indicated antibiotics. Each paper disk used contained the following amounts of antibiotics: ABPC, 10 μg; TAZ/PIPC, avoparcin in animal feed results in an increased incidence of acquired VRE (Bates et al., 1993; Schouten, 1997) . In this study, it is possible that the VRE found in vegetable (parsley) was a result of contamination from chicken via routes such as contaminated washing water or contaminated solvent in the fertilizer mix. Microbial spoilage can be minimized or delayed by good hygiene practices, careful handling of food and proper transportation and storage conditions (temperature and humidity). Since many types of contamination and spoilage begin at the farm, the use of non-contaminated water for irrigation and antibiotic-free fertilizer mixes is essential to minimize crop contamination. In addition, quick marketing and high wash water quality are also recommended to avoid further loss of such commodities.
There are five strategies that have been implemented in Thailand for the purpose of accomplishing the goals of the food safety policy: (1) development of laws and regulations to comply with international standards; (2) strengthening of the food safety monitoring system; (3) development of consumer power; (4) development of responsible personnel and working processes; and (5) development of laboratory capability (Thai Food and Drug Administration, 2004) .
The results of this study provide a scientific basis to improve the quality of food safety regulations in Thailand. For example, improving diagnostic capabilities by developing a more sensitive or more rapid assay for determination of bacterial contamination may allow the central authority to better regulate food sold on the market. contaminated washing water.
The vegetables sold in supermarkets in Thailand are produced by companies on high-quality farms with good packaging and/or wrapping and distribution practices. These companies usually maintain cool temperatures throughout the distribution process and when the product is on display at the supermarket for purchase by the consumer. In contrast, vegetables sold in open markets are produced by private farms that have poor management of distribution practices and are sold by different vendors. Unwrapped vegetables are often placed directly on benches at ambient temperature until consumption. In addition, the higher percentage of Staphylococcus spp. contamination in fish or seafood and vegetables in open market samples could be a result of human contamination of food samples, such as the direct touching of food by human hands.
LAB, a bacteria group associated with the spoilage of meat and vegetables, include Lactobacillus, Leuconostoc and Pediococcus (Borch et al., 1996; Lamikanra et al., 2002) . In this study, the higher percentage of LAB contamination in vegetables in open market samples may have caused defects such as sour off-flavors, gas production and slime formation (Carlin et al., 1990; Stiles and Holzapfel, 1997) .
However, the growth of contaminating bacteria in foods displayed in the open markets is thought to be of limited time because the products received directly from the slaughterhouse or local farms are sold by the end of the selling day. Nonetheless, much improvement in hygienic conditions is required at the retail outlets of open markets to reach the same hygienic level as that of supermarkets.
Currently, as many as 33 enterococci species have been identified (Kohler, 2007) . In this study, the most prevalent enterococci isolated from the food samples tested were E. faecalis and E. faecium (Table 3) . Both species are used as indicators of fecal contamination and as an index of sanitation (Obadiah and Fung, 2005) . Some pathogenic enterococci strains are VRE and it appears that food can be a source of VRE (Van den Bogaarbberingh et al., 2002) . In this study, 73% of food samples were contaminated with Enterococcus spp. (Table 1) regardless of the type of market (Table 2) , and three E. faecium strains were determined to be VRE (Table 4) , including one strain from chicken meat and two strains from vegetables (parsley) sold in open markets. A previous study reported a prevalence of 94% for the presence of Enterococcus spp. in raw meat from retail markets in Thailand (Vindigni et al., 2007) , whereas a prevalence of 11.1% was found for Enterococcus spp. in Thai frozen cooked chicken samples (Keeratipibul et al., 2010) . Moreover, VRE was found in imported Thai chicken in Japan in March 1998 and January 1999 (Ike et al., 1999) . It has been suggested that the use of
